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Today's Outlines (6.10 — 6.13) 


» Review 


» Steady-State Entropy Rate Balance for CVs 


— Special Cases 


» Isentropic Process 
— Pure Substance 


— Incompressible Substance 
— Ideal Gas 


» Isentropic Efficiency 
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Entropy Balance (2"d Law) for Closed Systems 


Summary: 









Entropy Balance (29 Law) for a Closed System: 


Entropy Change inside the system Entropy Produced inside the system 
التغير في الانتروبي داخل المنظومة‎ due to irreversibilities 
dus glial Jalo Jalo المتتحة‎ Şİ الانترويى المتولدة‎ 
مصادر اللانعكاسية‎ 3 gs gl تج‎ 
{always >0} 


(X Net Amount of Entropy Transfer by Heat 2 lw وا سک‎ 


across the system boundary AEN کہ کو‎ — 


صافى الانتروبى المنتقلة عبر حدود المنظومة بسبب الحرارة 
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Cycle | Process 


For a Cyclic Process For a Closed system, 





T 





00 Lg = | à 
$ k = —Sgen,cycle 2د‎ — 94 „NT ) + Sgen1-2 
b 
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Inlet 7 UM dey 
Rate Balances for CVs وت‎ 4 ; 


> Mass Rate Balance: a. = 


oe — 2 m 2,5. | 


> Energy Rate Balance: 


5 V^ V? 

e e 5 

ih =Q, -W + > 1 + re | ) 00 + à 
[ i 6 




















> Entropy Rate Balance: 
Wee a > Serj + X s, = S Mese + S ven 
di, C.S, j 1 i 6 SE 


rate of entropy 
rate of entropy rate of entropy generated inside cv 
transfer by heat transfer by mass 
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rate of entropy 
change within cv 





SSSF Rate Balances for CVs 
» Mass Rate Balance: 

2 m, E DM, 

» Energy Rate Balance: 


2 


| V. | V? 
ام‎ la اگ ماع‎ 


> Entropy Rate Balance: 








O J S 


2 Mese = 2 = Z + Sy 


C.S, 1 | 

oa MD rate of entropy 
rate of entropy rate of entropy generated inside cv 
transfer by mass transfer by heat 
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2 us, = 2 mus, =- V S ven 


Steady-State Entropy Rate Balance for CVs 
> Special Cases: 

(1) Single flow (one-inlet & one-exit) 

m(s, m 5;) m Yeu T S uen 


C.$,] ^J 
{+,0,-} {+,0,-} 10,+j 
جہ‎ s, =S; + ip 2 je 
m C.S, | I; m 


(2) Single flow (one-inlet & one-exit) - Adiabatic CV 


ms, —5;)-0 + S ven 
{+,0} {+,0} 
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2 us, = 2 mus, = V S ven 


Steady-State Entropy Rate Balance for CVs 


> Special Cases: 
(3) Reversible + Adiabatic = isentropic process 


ZM, = Dims; 
6 l 








Steam 
d 

(4) Single flow + isentropic | | = | 
Ó | Noirreversibilities | 

e * ib 
rs, 0 s) 5 3 CV, J 4 $ ee - 0+0 p reversible) 
C.S, J J = | 

e No heat transfer 


(adiabatic) 
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= Yrs = Zins Z 0 


C.S, J 


oteady- -State Entropy Rate Balance for CVs 


> Special Cases: 
(5) Single flow + Int. Reversible + Isothermal process 














ەك 
mS, — S;) = =‏ 
—-T(s, = Si)‏ اج 
mM Jint‏ 


Fig. 6.13 Area representation 
of heat transfer for an 
internally reversible flow 
process. 
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Example 


> للتربين البخاري المبين بالشكل» افترض أن عملية تمدد المادة النقية عبر التربين 





Mass Rate Balance: m, =m, +m, > (1) 


Entropy Rate Balance: 


. = Qov, j 
Ys مہہ تہ‎ S, 
e l C.s, | J 


S MS, - MS; =0+0 


mis, = MS, + m4s4 — (2) 


5 
. E < T-s diagram showing states having 
(m, + m; )گ5(‎ = M232 + M3 S3 the same value of specific entropy. 
: : نے‎ : = — 2017 ax) - عم قويشة‎ 10 
Is, TMS, = MS) MS, = وى ع رى‎ = S3 — * 





Work in Int Rev SSSF Processes 


Assumptions: SSSF, Single flow, int rev process 























2 
0=0.,- W, +Nm(h+ — e 
> ' 2 
nonflow ا‎ LO 
+1000 KJ / kg +1000 KJ / kg 
| | v2 M 
Wine =Qim + (m0; —h, +) (+ رماع‎ - z,)] 
p= V^ 
še 1 [2e jJ. + (h, — h,) + CE) + g(z z) 
int 
| rev v? y 
E 1 = | Tas + (k “(+ —)- g(z;— z.) 
int 2017 قويشة - ربيع‎ ye Jac 11 


Work in Int Rev SSSF Processes 


Assumption: SSSF, Single flow, int rev process 


0 6 V^ _y? 
C = | Tds + (h; —h,) + (i) + gla - ze) 
mMm jint | 2 


l 
rev 


Recall Tds = dh — vdP 


[ras =(h, -h)- [vap = (Tas + (h; — h) = -| vaP 


l 





m 





W : V7 Aa 
4 =—|vdP + ) l 1 (+ رج)م‎ - | 
int 2 


Work in Int Rev SSSF Processes 


Assumptions: 
SSSF, Single flow, int rev process & no Ake and Ape 





m 


Ye — — | vdP (Ake = Ape = 0) 
int | 


l 
rev 


J صالحة‎ (reversible steady-state work) هذه العلاقة‎ 


أجهزة التدفق المستقر سواء المنتجة لقدرة مثل التربينات» أو المستهلكة لقدرة Jis‏ 
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Work in Int Rev SSSF Processes 
dala حالة‎ 


Ng Dot می‎ a ad 


-— 


Viiquid ^ C 





m 


W e 
es] عسل‎ 
int 


rev 


100 kPa İ 


Pump 





Work in Int Rev SSSF Processes 
سوال للمناقشة:‎ 


a la! في‎ (same pressure rise) علمت أن مقدار الارتفاع في الضغط متساو‎ B 
مارة عبر الجهاز) أكبر لتشغيله ؟‎ AUS وحدة‎ (ST) أي من الجهازين تتوقع أن يستهلك قدرة‎ 


1 MPa 





100 kPa | 


Pump 





100 kPa 


Vliguid << V vap or gas 
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special case: 


special case: i ۱ 
Wzhgf = :لا‎ isobaric process 


Whound = 0: isochoric process 


Graphical Representation 
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isentropic Process As = 0 


As = 0 


Pure Liquid or 
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isentropic Process As = 0 


> Pure Substance, S, = S» = S4 





> Given: P,, P5, PA & T,. For an isentropic turbine, Find: T5 & T; 


~~ 





5 
T-s diagram showing states having 
the same value of specific entropy. 
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= 0 
As = 

5 

65 

OC 

opic Pr 

ntr 

ise 





) 
JE‏ 
- للمنافۂ 
LAT |‏ 
"x‏ 
ni i‏ إلى یحص 
ضح | مستعبنا | لتغير 
اجا + ~ 
بتك +- ٠‏ 0 | 
| . بية ماذا atat‏ 
مہ * 2 i‏ 
i‏ ۱ 
i i‏ 
ny |‏ 
m‏ لدرجة الحرا 
رہ السائل 
8 


7) 
cln( 
AS = 


19 
عما 

5 

T 
يف‎ 

16 

20 








isentropic Process As = 0 





> Ideal Gases (Is AT large or small??) 


(1) Using Constant Specific Heats 


1 0 
AS ideal gas — (55 B $1) = C y, ave nf 1 LE 





Ü F : 
C p, ave In — 7. İn — | | 
0 | P Fis. 6.9 Two states of an 


ideal gas where s, = s,. 
By setting, 


| 0=) ری — 55( = AS ideal gas‏ 
20 عمار عمر قويشة - ربيع 2017 





isentropic Process As = 0 
> Ideal Gases (Is AT large or small??) 


(1) Using Constant Specific Heats 


By Setting, AS ideal gas — (S2 = S4) =0 
(&-D 


k—1 
ty (|° I9 
I s — cons P, 0» 











3 ^ 
*ideal gas Fig. 6.9 Two states of an 
VALID FOR « *isentropic process ideal gas where s, = رک‎ 
*constant specific heats 
e - 
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isentropic Process As = 0 


> Ideal Gases IG (Is AT large or small??) 


(2) Using Variable Specific Heats (IG Tables) 


P 


As ideal gas 
1 


AS ideal gas — (s2 m Sı) =0 


P 
S(T, Pz) - S03, B) sy — sr - Ri | =0 
1 





Fig. 6.9 Two states of an 
ideal gas where s, = s,. 


P 
Sp - i " LI -0 
1 


It involves 4 properties mE " 
فويسه - ربد‎ jac 
T, T,, P, & P, = ۱ 








isentropic Process As = 0 





> Ideal Gases IG (Is AT large or small??) 


(2) Using Variable Specific Heats (IG Tables) 


0 0 P 
Sp — Sr — LI =0 
2 1 م‎ 
1 
It involves 4 properties 
hh, Hh & رط‎ 


Given: P,, P5, & T4, Find: T, 


P 
0 0 2 
ہی‎ =s, + Rin — 





Fig. 6.9 Two states of an 
l ideal gas where s, = s,. 
Given: P4, T5, 8 T,, Find: P, 

0 0 0 
Py ni T, Sm. SAP (sz, / R) 
P R exp (sy / R) 2017 عمار عمر قويشة - ربيع‎ 23 





„ZP Gn ID)‏ رقت قت وم 


Process: isentropic 


isentropic Given: P, Ti, and T; 


Given: P, Tj, and P, 
Find: 7; 


0 
ST 





"A 
m ظ‎ l * r P | 
T; + = p= s — Rin عم‎ 
= = = ها‎ 


| 
| 


= a 


For all ideal gases For all ideal gases 
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P, exp(s7,/ R) P اهدي‎ 


P 7 exp (57. / R) i P, VE UR 


Process: isentropic | o 

Given Py. ř and P; c F c cess: Isentropic 

Find: T; M 7 Given: vj. Tj. and v; 
T F 


F 


m | T v, 





add „P 


read V2 
Ty —a—— "E rl 


TOTEM Tj ——> "Vg 


For Ar ONLY 
Table A-22 
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Example (1) 


( يتدفق هواء سلوكه مثالي عبر ضاغط يشتغل تحت ظروف مستقرة. بافتراض أن 
عملية الانضغاط أيزونتروبية» là‏ حسب درجة حرارة خروج الهواء من الضاغط مرة 
باستخدام نسبة سعة حرارة نوعية ثابتة 1.4 س)|ء ومرة متغيرة. وارسم مخطط T-S‏ 


P2= 4 bar 





Pı = 1 bar | 
Tı = 300K 
m = 0.562 kg/s 
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Example (1) 





« الإجابة 


» Using Constant Specific Heats 


(k-1) 
15 _ P 4 
hj. A 


(k— VÁ (1.4-1) 
P k 1.4 m 

T, =T G ST, = 0 400 B 
۲ 100 


P2= 4 bar 





Pızlbar 
I5. — 445.8 K Tı = 300 K 
m = 0.562 kg/s 
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Example (1) 


» Using Variable Specific Heats 


Table ۸-2 


T, =300 K #24 , pr = 1.386 


P Pr I 
—2|—- => Pr, = Pr, — 
5 Pr $—C P 


P 
Pr, = Pr, = 1.386 x - = 5.544 


1 


T, = 445K 


P2= 4 bar 





bar‏ 1= رط 
Tı = 300K‏ 
m = 0.562 kg/s‏ 


TABLE A-22 


Ideal Gas Properties of Air 


T 


440 


450 


441.61 315.30 2.08870 


451.80 





5 لا 


322.62 2.11161 
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> الإجابة 


when ås = 0 
Pr Ur 


5.332 236.8 
5.775 223.6 


28 





Ideal (Reversible) VS Real (Irreversible) 





Work-producing device o Work-consuming device 
» Ex: compressor, pump, etc 


Pout Pin 
Tin 


Wout,rev > Woutirr Win rev < Win irr 
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İsentropic Efficiency of SSSF Devices 


» الكفاءة الأيزنتروبية (isentropic efficiency)‏ هي مقیاس لمدى حيود العمليات 
الفعلية (جهاز التدفق المستقر) عن المثالية (isentropic)‏ 
) أسباب الحيود: مصادر اللانعكاسية. 





Pı, Ti 
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Isentropic Turbine Efficiency 





» Assumptions: 


turbine 7 


(1) Adiabatic turbine 
(2) AKE & APE - 0 
(3) SSSF conditions 
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isentropic Turbine Efficiency 


» Assumptions: 


P, Ti 





(1) Adiabatic turbine 
(2) AKE & APE - 0 
(3) SSSF conditions 
Pi 
h Inlet state hr — Ma 





_ hy m nza 
" h4 m hs 

















Example 


> يتدفق ماء بمعدل kg/s‏ 109 عبر تربين معزول حراريا ويشتغل تحت ظروف 
مستهر dual B‏ تائیر طاقتي الحركة والوضع. | "La‏ )1( فدرة التربين» )2( معدل 
الانتروبي المتولدة. )3( الكفاءة الايزنتروبية. ma JI‏ مخطط T-S‏ 


bar‏ 100 = ہم 
T = 520°C‏ 
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Example 


Assumptions: 
(1) SSSF Process, (2) no 0, , (3) no KE & PE effects 


Power Produced, W., in MW 


Copie) epp 


nonflow 
Wey = m(h, — hy) 
T, -520'C| جد‎ o, =TableA4 Tm = 3425.1 kJ/kg 
F =100 M ý = 6.6622 kJ/kg.K 


— > 
x, = 0.9 Sy =, panti, Na 7.4651 ki kg. K 
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Example 








Power Produced, W., in MW 
W., = mh, —h;) 


= (109 5 S) x 0425 1— 2336. DE = 118, 636 © = 118.64 MW 
kg 


Rate of Entropy Production, S., in kW/K 
2es Y»s-Y fe +S 
c kg kW 


"EL (7.4651 — 6. 6622) — = = §7.52 — 
kg.K K 
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5 =m(s,—S,) = m 


gen,turbine — 





Example 
İsentropic Turbine Efficiency 


P, = 0.08 bar © 0.08 bar:s,<s, <s,TableA-3 | X25 (م5- ,5)/(م5- ورى)-‎ 0.795 
E X 
hy, = Np +x,(h, —h,) =2084.3kJ/kg 





325 = 1 


a 


— _ 0 — hy 
İİ turbine = i = h, “hy 


0 


Nturbine T 


l turbine 3495 1— 2084.3 
— 0.812 (81.2%) 
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Isentropic Compressor Efficiency 
» Assumptions: 





(1) Adiabatic compressor 
(2) AKE & APE ~ 0 
(3) SSSF conditions ۱ 
Ws 
lc — 
| | a 
hı m has 


~~ hy m nza 





ne ^ 0.7/5 — 0.85 
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isentropic Nozzle Efficiency 


» Assumptions: 
(1) Adiabatic nozzle 
(2) APE ~ 0 
(3) SSSF conditions 


= 





„P 
Inlet state 






hy ——— ll „Actual process 
A gp ` L Isentropic process 

















Nnozzle — “e 


2 








V. 
hı + i+ gz, تک‎ + + ga, 


2 


d 





Nnozzle — 





2 
شی‎ f : 
2 Q0 h; + a + 82; = he + + 82, 
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Nnozzle 





